Introduction
Interaction of a blastocyst with the hormonally conditioned uterus of mammals results in a dramatic series of structural and functional changes in the endometrium. In the rabbit, one of the most pre¬ dictable reactions is the decidual cell response (DCR) resulting in massive perivascular cuffs of modified stromal cells laden with glycogen and other cytoplasmic inclusions. Numerous investigators have utilized the production of deciduomata in experimental animals as an analogue for normal ovoimplantation; however, mammals differ in their sensitivity to various decidualizing stimuli. In some, like the rat and mouse, a wide variety of chemical and mechanical stimuli result in a prominent DCR (DeFeo, 1967) . The rabbit uterus appears to be somewhat less sensitive to many of these deciduogenic stimuli. Although endometrial trauma (Beasley & Davenport, 1970) and certain chemical stimuli (Elton, 1966) result in a moderate DCR, the results of traumatic stimulation are often less than satisfactory. The blastocyst, even when dispensed with by postimplantation destruction, is by far the best stimulus for inducing a DCR in rabbits (Hoffman & Davies, 1971 ).
In addition to decidualization, blastocyst interaction with the uterus induces a local increase in vascular permeability (Psychoyos, 1971) and, in the rabbit, induces an epithelial transformation resulting in a syncytium of uterine epithelial cells referred to as the maternal symplasma (Amoroso, 1952) .
The present study is an attempt to characterize the stimuli involved in symplasma production and induction of the DCR in uteri of pseudopregnant rabbits.
Materials and Methods
New Zealand White rabbits weighing 3-5-4-5 kg were used. Pseudopregnancy was induced by the injection on Day 0 of 50 i.u. HCG into the marginal ear vein. On Day 6 females were anaesthetized with sodium pentobarbital (Nembutal : Abbott) and the reproductive tract exposed through a midventral incision. Ovaries were inspected for the presence of recent corpora lutea (CL). A small in¬ cision was made in each uterine horn and the wax or Silastic implants (described below) were inserted.
The implants were manipulated to a distance of 2 or 3 cm from the uterine incision and then held in place with loose silk ligatures which passed around the uterine horns. The tightness of the ligatures was such that the intramural vascular supply would not be compromised. (Udenfriend, 1962) . Absorption spectra for extracts containing dcAMP were obtained on a Beckman-DB recording spectrophotometer and compared with spectra of appropriate standard solutions according to the method of Robison, Butcher & Sutherland (1970) . Arachidonic acid was assayed by microtitration with standard alkali (Dole & Meinertz, 1960) . Implant extracts containing PGE-2 were treated with 2 n-KOH in ethanol and the resultant chromogen was determined spectrophotometrically (Bydgeman & Samuelsson, 1964) . PGF-2a was measured by gas chromatography-mass spectrometry (Frölich, 1976 Cook (1975) has reported a similar artefact (u.v. absorption maximum 260 nm) due to materials eluted from Dow Corning Silastic materials. This problem was circumvented for the dcAMP implants by forming Silastic rods and soaking them for 48 h in several changes of ethanol. The rods were then impregnated for 24 h with dcAMP in ethanol. This procedure eliminated the interference with the spectrophotometric assay for dcAMP.
Results
The presence of implants in the rabbit uterus from Day 6 until Day 10 of pseudopregnancy resulted in the symplasmic transformation of the epithelium apposed to the implant (PI. 1, Fig. 3 ). This was true whether the implants were composed of Silastic or paraffin wax/lauric acid. Some degree of symplasma formation occurred in the luminal epithelium of all endometria apposed to implants, regardless of the presence or absence of additives. The glandular epithelium remained cellular (see PI. l, Fig. 3 ).
Implants containing certain of the additives induced a decidual response in the adjacent endometrium.
In females receiving prostaglandin-or arachidonate-containing implants, a gross hypertrophy of the uterine segment apposed to the implant was evident. When these segments were examined histologically the hypertrophy was most evident in the mesometrial ('placental') folds of the endometrium and consisted largely of decidual tissue (compare PL 1, Fig. 1 with PI. 1, Fig. 2 ). Results obtained with each of the additives were as follows.
Dibutyryl cyclic AMP had no decidualizing influence (Table 1 ). The histological appearance of endometrium in experimental uterine horns was similar to that seen in the control horns.
Oestradiol-17$ had only a slight decidualizing effect. Small amounts of decidual tissue were seen in all 3 females receiving wax implants and in 4 of the 5 females in which Silastic implants were used (Table 1 ). The degree of response was similar at low and high release values. Oestradiol was the only additive for which the release from Silastic implants was 100 % during the 4 days in utero.
Histamine gave a variable DCR. Only 3 of the 9 females receiving wax or Silastic implants with histamine had measurable decidual tissue in the uterus (Table 1 ) , and with the exception of one female (DCR =13-6 mm2) the response would be considered poor.
Prostaglandin E-2 was the most potent additive. All 11 females had large quantities of decidual tissue in the endometrium apposed to the implants. There was some evidence for a dose-response relationship between the amount of PGE-2 released and DCR, with the highest release values re¬ sulting in larger quantities of DCR (Table 1) .
Prostaglandin F-2a consistently induced a DCR, although the surface area in cross-sections was always less than that obtained with PGE-2. Again a dose-response was observed, low release values of PGF-2a resulted in smaller amounts of decidual tissue (Table 1) .
Arachidonic acid induced moderate to large quantities of decidual tissue in all females. Relatively large amounts of the fatty acid (5^2 mg) were incorporated into most of the implants ; however, even when lower levels (200 µg) were used, measurable quantities of decidual tissue developed (Table 1) .
In all females receiving decidua-inducing implants of PGE-2, PGF-2a or arachidonic acid the DCR in the experimental uterine horn was confined to the implant area. In addition, approximately 30 % of these females had small quantities of DCR in the contralateral uterine horn, i.e. that portion of endometrium in contact with the control implant. This 'contralateral decidua' was always small, generally <2 mm2 in surface area. Decidualization was never observed, in either horn, in areas of the uterus distant to implant sites, or around control implants contralateral to uteri containing oestradiol, dcAMP or histamine. Fig. 1 . Cross-section of uterus which was in contact with a Silastic implant containing PGE-2 (PGE-2 release = 70 µg). Note the extensive mesometrial hypertrophy, most of which is due to decidual tissue which had a surface area >30 mm2. An area comparable to that enclosed by the rectangle is enlarged in Fig.   3 . H & E, scale = 2 mm. Fig. 2 . Cross-section of same uterine horn as in Fig. 1, but 10 of pseudopregnancy (17-6 ± 0-9 mg, S.E.M.). None of the differences between CL weights in normal psuedopregnancy and those of experimental groups was statistically significant (P > 0-05), so the mean CL values have not been included in Table 1 . Light microscopic examination of the CL confirmed that there were no consistent histological differences, regardless of the implant additive utilized or the presence or absence of a DCR in a particular female.
Discussion
The simple columnar surface epithelium of the rabbit uterus changes to a layer of multinucleated cells on Days 6 or 7 of pseudopregnancy or pregnancy (Davies & Hoffman, 1973) , the approximate time of implant insertion in the present study. Progression to the symplasmic condition of the epi¬ thelium does not occur in normal pseudopregnancy, only during pregnancy and then only where the epithelium is in contact with the blastocyst, perhaps because of a local (chemical ?) effect of the blastocyst (Larsen, 1961) . The results of our study indicate that the symplasmic transformation of uterine epithelium in the rabbit is inducible by relatively non-specific stimuli. The distension or endometrial irritation caused by wax or Silastic implants with or without additives results in a prominent development of epithelial symplasma. The significance of the symplasma is unknown for it disappears, along with the bilaminar omphalopleure of the embryo, after the 10th day of gestation in rabbits (Amoroso, 1952) . Elton (1966) Histamine administration elicits a DCR in pseudopregnant rats (Shelesnyak, 1957) , although its physiological role in this process is not universally accepted (Glasser, 1972) . Intraluminal injections of histamine failed to trigger a DCR in hormonally primed immature rabbits (Elton, 1966) and our results were inconclusive. As reported for mice (Webb, 1975) , dcAMP was ineffective in inducing a DCR in rabbits.
Prostaglandins have not been directly implicated in the induction of decidual development, but Castracane, Saksena & Shaikh (1974) observed an inhibition of decidual development in pseudo¬ pregnant rats receiving indomethacin, suggesting a requirement for physiological levels of PGs in deciduogenesis. Exogenous PGE-2 and PGF-2a suppressed the DCR in rats, but the effect was thought to be due to PG-induced luteolysis. Although (Scott & Rennte, 1970) and arachidonic acid (Hoffman, 1974) are known to be luteolytic in rabbits, no significant changes in luteal weights or histology were observed with these or any of the other implant additives in the present study. This lack of ovarian effect of PGs is probably attributable to the low levels used and the administration of the dose over 4 days. Nevertheless, PGE-2, PGF-2a and arachidonic acid each elicited a DCR, the response to PGE-2 being the most potent in terms of the quantity of decidual tissue produced. (Hafez, 1971 (Tobert, 1976) . In the same study, however, Tobert presented evidence supporting a role for PGs in the process of decidualization: when indomethacin was administered 2 h before or 8 h after intrauterine instillation of olive oil, the DCR development normally resulting from the oil stimulus was inhibited.
IUDs also produce uterine distension and irritation of the endometrium. Tobert (1975) reported deciduoma formation in pseudopregnant rabbits around IUDs coated with copper but not devices coated with other metals. In view of the enhancement of PGF production by Cu2+ in enzyme prepara¬ tions from vesicular glands (Lee & Lands, 1972) , the deciduogenic effect of copper might also be related to prostaglandins.
The present study presents the first evidence for a possible PG involvement in rabbit DCR development and appears to be the first direct demonstration that PGs have a deciduogenic effect. In view of the increased vascular permeability induced by certain PGs, in particular those of the E series (Kaley, Messina & Weiner, 1972) , and the local changes in vascular permeability associated with ovo-implantation/decidualization in mammals (Psychoyos, 1971) , the possible association of
